1. Introduction {#sec1}
===============

On March 11, 2011, a massive earthquake registering a magnitude of 9.0 on the Richter scale struck the northeast coast of Japan (the Great East Japan Earthquake). About 22,000 people lost their lives or were reported missing as a result of the tsunami triggered by the earthquake. The disaster also resulted in widespread property damage and destruction, forcing the relocation of over a quarter of a million residents in coastal areas \[[@bib1], [@bib2], [@bib3], [@bib4]\]. In the months following the disaster, displaced residents were gradually moved out of emergency shelters and into more stable accommodation, including temporary prefabricated housing that resembled FEMA trailer homes.

The conditions in these temporary homes have been described as cramped, noisy (because of thin walls), and stressful. For example, Sasaki et al. (2018) found that moving into prefabricated housing was uniquely associated with a doubling of the incidence of depression compared to alternative types of accommodation, such as subsidized rental housing on the open market \[[@bib5]\]. Some municipalities also built the trailer homes in inconvenient locations such as remote hillside spots, thereby increasing the sense of social isolation for displaced survivors. Even though they were officially referred to as "temporary" housing, people lived in these conditions for almost 6 years before being finally moved to more permanent accommodations. In short, major disasters continue to be associated with lingering health effects long after the immediate toll of injuries and deaths.

Besides the deleterious impacts of living in temporary housing on mental health, previous studies have also indicate that this type of accommodation increases the risk for physical health impairments, including deteriorating physical performance \[[@bib6]\], reduced physical activity/sedentarism \[[@bib7]\], deteriorating cognitive function \[[@bib8]\], and increases in body weight \[[@bib9]\].

Metabolic syndrome (MetS) is defined by a constellation of risk factors including abdominal obesity, high cholesterol level, elevated fasting glucose, and elevated blood pressure \[[@bib10]\]. Given previous reports of associations between relocation to prefabricated temporary housing and increased risks of sedentarism, worsened diet quality \[[@bib11]\], and weight gain, we hypothesized that this type of accommodation would be reflected by adverse shifts in metabolic profiles. The aim of the present study was to therefore document the 5-year cumulative incidence of MetS among survivors of the 2011 disaster according to different types of post-disaster accommodation.

2. Materials and methods {#sec2}
========================

2.1. Study population {#sec2.1}
---------------------

The Research Project for Prospective Investigation of Health Problems among Survivors of the Great East Japan Earthquake and Tsunami Disaster (abbreviated to RIAS) is an ongoing prospective follow-up study of survivors enrolled from the coastal municipalities of Yamada, Otsuchi, and Rikuzentakata in the southern part of Iwate Prefecture, which were heavily damaged by the tsunami ([Fig. 1](#fig1){ref-type="fig"}) \[[@bib4]\]. Post disaster surveys have been conducted annually, beginning 6 months after the disaster (September 2011). The RIAS survey consists of the same items as the annual health check-ups conducted by the National Healthcare Insurance system in Japan, in addition to questions specifically inquiring about disaster-related experiences. The questionnaire surveys are supplemented by annual clinical exams, and collection of anthropometric and biomarker data. Details on the RIAS study have been provided elsewhere \[[@bib12]\]. We identified survivors' addresses from the mandatory residential registration system maintained by the local government in each municipality. We recruited all residents aged 18 years or older by sending out notifications about the RIAS survey on a community bulletin board. Out of the target sample of 42,831, a total of 10,081 participants provided written informed consent to participate (23.5% participation rate).Fig. 1Map of the present study areaThe black square shows the study area along the Pacific Ocean coast. The municipalities included in our study are marked in red in Yamada, Otsuchi, and Rikuzentakata. The epicenter of the earthquake is marked as a red bulls-eye.Fig. 1

After excluding participants who were missing information on the outcome variable in the 2011 survey (n = 185) and those who had already been diagnosed with metabolic syndrome at baseline (n = 2578), our final analytic sample comprised 7318 participants (mean age, 59.8 years; 43.5% men) ([Fig. 2](#fig2){ref-type="fig"}). The research protocol was approved by the Ethics Committee of Iwate Medical University (approval no. H23-69).Fig. 2Flow chart of the procedure used to select participants for the study.Out of 10,081 persons in the original cohort, we excluded 185 persons who lacked data regarding the outcome and living conditions in the 2011 survey, and 2578 participants already diagnosed with metabolic syndrome in the 2011 survey. We assessed a total of 7318 participants.Fig. 2

2.2. Metabolic syndrome {#sec2.2}
-----------------------

MetS was defined according to the criteria of the International Diabetes Federation (IDF) \[[@bib10]\]. Patients with MetS must have central obesity (waist circumference ≥90 cm in men and ≥80 cm in women) plus two or more of the following four components: (1) elevated triglyceride level (≥150 mg/dL or medical history or presence of pharmacological treatment for dyslipidemia); (2) low HDL cholesterol (\<40 mg/dL in men and \<50 mg/dL in women, or medical history or presence of pharmacological treatment for dyslipidemia); (3) elevated blood pressure (systolic ≥130 mmHg and/or diastolic ≥85 mmHg, or taking antihypertensive agents); (4) impaired glucose metabolism (glycosylated hemoglobin level \[HbA1c\] ≥5.7% or receiving pharmacological treatment for diabetes mellitus). Because the blood samples we collected were non-fasting, we used HbA1c levels instead of fasting plasma glucose level (HbA1c ≥ 5.7%) \[[@bib13]\]. Patients with body mass index (BMI) \> 30 kg/m^2^ were defined as meeting the criteria for central obesity regardless of their waist circumference, according to the criteria of the IDF. Cumulative incidence of MetS was defined by participants who met these criteria at least one time during the 5-year follow-up period.

2.3. Post-disaster housing type {#sec2.3}
-------------------------------

In the RIAS surveys, the housing arrangements of the participants were categorized as living in one's own home, relocated to prefabricated temporary housing (Temp Housing), or other types of accommodation (Other). The Other group included survivors who moved to subsidized rental housing on the open market, those who rebuilt their own homes, or those who moved in with a family member, friend, or relative. The Home group included those who did not need to relocate after the disaster.

2.4. Measurements {#sec2.4}
-----------------

Body weight (kg) was measured with an accuracy of ± 0.1 kg using a standard scale with light clothes without shoes. Height (m) was measured using a stadiometer in digital scales. The BMI (kg/m^2^) was calculated by dividing the body weight (kg) by the square of the height (m^2^). Waist circumference (cm) were measured. Systolic blood pressure (SBP, mmHg) and diastolic blood pressure (DBP, mmHg) were measured twice in a sitting position, and average values for SBP and DBP; mmHg were calculated. Fasting or non-fasting blood samples were drawn from the antecubital vein. Serum levels of total cholesterol (TC; mg/dL), high-density lipoprotein cholesterol (HDLC; mg/dL), and triglyceride (TG; mg/dl) and HbA1c levels were measured \[[@bib14]\].

2.5. Self-reported questionnaires {#sec2.5}
---------------------------------

Self-reported questionnaires were administered to assess health habits (smoking status, alcohol drinking, daily physical activity, the average number of meals per day and dietary intake), self-assessed economic situation (severely distressed vs. not), employment status after the disaster (unemployment vs. not), and psychosocial factors (psychological distress and insomnia).

Smoking status was classified into two categories (current smokers vs. non-current smokers), and alcohol drinking status was similarly binarized (drinkers vs. non-drinkers). Responses about physical activity were classified into three categories; low physical activity (\<19 METs per week), moderate physical activity (≥19 METs per week, \<23 METs per week) or high physical activity (≥23 METs per week).

The average number of meals per day during the preceding several days was classified into two categories: \<3 times a day versus ≥3 times a day. Dietary intake was classified into two categories: good dietary intake (intake of staple food ≥ three times a day, intake of meat, fish and shellfish eggs, or soybean products ≥ twice a day, vegetable intake ≥ twice a day, and intake of fruit or dairy products ≥ once a day), and poor dietary intake (others) \[[@bib11]\].

Psychological distress was dichotomized to significant distress (scores of 5--24) versus low distress (scores of 0--4) based on the Japanese version of the K6 scale \[[@bib15],[@bib16]\]. Insomnia was defined by scores of 6--24 on the Athens Insomnia Scale (AIS) \[[@bib17], [@bib18], [@bib19], [@bib20]\]. Social network was assessed by the Lubben's Social Network Scale \[[@bib21],[@bib22]\]. Social capital was assessed using 4 questions on social cohesion, including the residents' perceptions of trust in the community and levels of mutual help \[[@bib11]\]. Overweight was defined as a BMI of ≥25 kg/m^2^. Hypertension was defined as an SBP ≥140 mmHg, DBP ≥90 mmHg, or a diagnosis of hypertension reported on the survey. Diabetes mellitus was defined as plasma glucose level ≥200 mg/dL, plasma HbA1c level (NSGP) ≥6.5%, or a diagnosis of diabetes mellitus reported on the questionnaire. Dyslipidemia was defined as TC ≥ 220 mg/dL, or HDLC \<40 mg/dL, or a diagnosis of dyslipidemia reported on the survey \[[@bib23]\].

2.6. Statistical analysis {#sec2.6}
-------------------------

All analyses were stratified by age-group; 64 years or younger, and 65 years or older, considering that insulin resistance increases with age \[[@bib24]\]. Baseline characteristics were compared among participants in the living conditions in the 2011 survey. Differences in means/proportions among participants in the living conditions were tested using analysis of variance with Bonferroni correction (continuous variables) or chi-squared test (categorical variables).

We analyzed the cumulative incidence of Mets across four follow-up examinations (2012, 2013, 2014, and 2015) using generalized linear mixed effect models. Because the subjects are non-Mets individuals in 2011, we excluded the data in 2011 to show new onset of Mets. A sequence of two models were run. In Model 1, we included explanatory variables of age, sex, survey year, accommodation type, and an interaction between accommodation type x survey year as fixed effects, while we included the individual as a random effect. In Model 2, we additionally adjusted for smoking status, alcohol drinking, physical activity, daily number of meals, dietary intake, self-assessed economic distress, unemployment in the 2011, psychological distress, insomnia, social network, and social capital. All analyses were stratified by sex. We calculated the cumulative incidence of MetS as well as constituent components of MetS (central obesity, elevated triglyceride level, low HDLC level, elevated blood pressure, and impaired glucose metabolism).

All statistical analyses were performed using SPSS version 25.0 (IBM Corp. Armonk, NY, USA). All statistical tests described were two-sided, and analysis items with *P*-values \<0.05 were considered statistically significant.

3. Results {#sec3}
==========

We conducted a comparison of characteristics between analytic sample as baseline (2011) and the whole population in 2011 in three municipalities ([Supplementary Table 1](#appsec1){ref-type="sec"}). Our sample tended to be older and included more women compared with census data.

Baseline characteristics are summarized in [Table 1](#tbl1){ref-type="table"}. The number of participants was 4378 in the Home group, 2366 in the Temp Housing group, and 574 in the Other group. Among participants aged ≤64 years, those in the Temp Housing group were significantly younger, higher body weight, and lower SBP than the Home group. The ages of participants aged ≥65 years were similar in the three groups. Although participants aged ≤64 years in the Temp housing and Other groups had higher body weight and BMI compared with those in the Home group, there was no significant difference in body weight among the three groups among participants aged ≥65 years. Among participants aged ≤64 years, those in the Temp Housing group had higher prevalence of current smokers, low physical activity, small number of meals, poor dietary intake, severe economic distress, unemployment, and insomnia compared those in the Home group. Those in the Other group showed the highest prevalence of psychological distress, while those in the Temp Housing group had the second highest prevalence of psychological distress. Among participants aged ≥65 years, those in the Temp Housing group reported more economic distress, and unemployment, while those in the Other group had higher prevalence of low physical activity, small number of meals, psychological distress, and insomnia. There was no significant difference in cardiovascular risk factors among the three groups (e.g., obesity, hypertension, diabetes mellitus, and dyslipidemia) in either age group.Table 1Baseline characteristics of participants in the 2011 survey (n = 7545).Table 1Age ≤64 years (n = 4094)Age ≥65 years (n = 3224)MissingHome (n = 2383)Temp Housing (n = 1336)Other (n = 375)*P* valueHome (n = 1995)Temp Housing (n = 1030)Other (n = 199)*P* valuen (%)Mean (SD)/n (%)Mean (SD)/n (%)Mean (SD)/n (%)Mean (SD)/n (%)Mean (SD)/n (%)Mean (SD)/n (%)**Age, yrs**0 (0.0)50.0 (11.7)48.3 (11.8)48.7 (11.7)\<0.001∗73.2 (5.5)73.0 (5.5)73.3 (6.1)0.556**SexMen**0 (0.0)864 (36.3)501 (37.5)152 (40.5)0.258 ∗1069 (53.6)499 (48.4)96 (48.2)0.017**Anthropometric examinationBody weight (kg)**0 (0.0)57.5 (10.4)58.5 (10.7)58.7 (10.9)0.00855.1 (9.5)54.4 (9.6)54.5 (9.7)0.121**BMI (kg/m**^**2**^**)**0 (0.0)22.6 (3.1)22.8 (3.2)22.6 (3.3)0.24122.9 (2.8)22.7 (2.8)22.6 (2.9)0.062**Waist circumference (cm)**0 (0.0)79.6 (8.5)80.0 (8.4)79.7 (8.7)0.26880.8 (7.9)80.5 (7.8)80.5 (7.5)0.685**Blood pressureSBP (mmHg)**1 (0.0)120.2 (17.9)118.5 (16.5)118.5 (17.6)0.007 ∗129.9 (18.7)128.7 (18.5)127.9 (19.2)0.122**DBP (mmHg)**1 (0.0)72.9 (11.5)72.0 (11.3)72.1 (11.6)0.07874.1 (10.5)74.0 (10.3)73.5 (11.5)0.734**Blood testsTC (mg/dl)**0 (0.0)205.2 (36.0)205.9 (36.6)205.5 (35.9)0.837198.9 (34.3)200.4 (33.5)199.8 (32.4)0.507**HDLC (mg/dl)**0 (0.0)67.8 (17.1)68.5 (17.3)68.7 (16.6)0.42664.5 (16.8)65.0 (16.7)63.4 (15.6)0.436**TG (mg/dl)**0 (0.0)122.8 (81.6)125.8 (93.8)123.1 (73.2)0.589118.5 (65.8)118.9 (60.6)119.6 (58.2)0.965**HbA1c (%)**0 (0.0)5.52 (0.62)5.48 (0.52)5.45 (0.50)0.0315.71 (0.65)5.67 (0.56)5.69 (0.66)0.201**LifestyleCurrent smokers**0 (0.0)550 (23.1)374 (28.0)92 (24.5)0.004214 (10.7)105 (10.2)14 (7.0)0.26**Drinkers**0 (0.0)902 (37.9)548 (41.0)164 (43.7)0.033679 (34.0)323 (31.4)47 (23.6)0.007**Physical activityLow physical activity**40 (0.5)1103 (46.5)636 (47.7)174 (46.6)0.002901 (45.5)566 (55.2)123 (62.4)\<0.001**Moderate physical activity**321 (13.5)219 (16.4)73 (19.6)323 (16.3)168 (16.4)22 (11.2)**Food intakeSmall number of meals (\<3 times)**47 (0.6)228 (9.6)161 (12.1)44 (11.8)0.04528 (1.4)32 (3.2)7 (3.5)0.002**Poor dietary intake**0 (0.0)947 (39.7)605 (45.3)167 (44.5)0.003605 (30.3)337 (32.7)72 (36.2)0.135**Socioeconomic statusSevere economic distress**18 (0.2)1353 (56.8)859 (64.3)231 (61.6)\<0.001706 (35.5)589 (57.6)107 (54.0)\<0.001**Unemployment (2011)**213 (2.9)512 (22.1)366 (28.5)99 (27.5)\<0.001143 (7.3)192 (19.3)36 (18.3)\<0.001**Psychological factorsPsychological distress**122 (1.7)1025 (43.5)652 (49.5)191 (51.9)\<0.001675 (34.6)447 (44.4)87 (45.1)\<0.001**Insomnia**97 (1.3)748 (31.7)485 (36.7)150 (40.4)\<0.001473 (24.2)394 (38.7)79 (40.1)\<0.001**Social factorsLow level of social network**154 (2.1)1071 (45.6)567 (43.3)141 (38.0)0.019735 (37.7)397 (39.9)65 (34.2)0.269**Low level of social capital**20 (0.3)239 (10.0)138 (10.3)43 (11.5)0.698160 (8.1)84 (8.2)25 (12.6)0.084**Cardiovascular risk factorsObesity**0 (0.0)488 (20.5)300 (22.5)80 (21.3)0.367435 (21.8)200 (19.4)41 (20.6)0.308**Hypertension**1 (0.0)537 (22.5)296 (22.2)75 (20.0)0.5471132 (56.7)577 (56.0)108 (54.3)0.771**Diabetes mellitus**0 (0.0)110 (4.6)60 (4.5)18 (4.8)0.965223 (11.2)120 (11.7)25 (12.6)0.808**Dyslipidemia**0 (0.0)914 (38.4)516 (38.6)147 (39.2)0.948727 (36.4)393 (38.2)74 (37.2)0.651[^1][^2][^3]

[Table 2](#tbl2){ref-type="table"} shows the cumulative incidence of MetS using generalized linear mixed effects models. There was a significant difference in MetS incidence between accommodation type across time among those aged ≥65 years (Temp Housing in 2014; coefficient \[95% confidence interval\], 0.20 \[0.01 to 0.43\]; *P* = 0.045), but no significant difference among younger participants (aged ≤64 years). [Fig. 3](#fig3){ref-type="fig"} shows the trends in estimated marginal means of the cumulative incidence of MetS among participants aged ≥65 years from 2012 to 2015, stratified by sex. Among men aged ≥65 years, there was no significant difference in the cumulative incidence of MetS from 2012 to 2015. The interaction between accommodation type x time was not statistically significant among men aged ≥65 years (*F* = 1.04, *P* = 0.396). Among women, although there was no significant difference in cumulative incidence rate of MetS in 2012 and 2013 by housing type, the cumulative incidence in the Temp Housing group was significantly higher than in the Other group in 2014 and the Home group from 2014 to 2015. The coefficient of the cumulative incidence of MetS was marginally significantly high association with Temp Housing group in 2014 (coefficient \[95% confidence interval\], 0.24 \[-0.01 to 0.48\]; *P* = 0.061). The association did not change after adjustment for covariates ([Supplementary Table 2](#appsec1){ref-type="sec"}). The cumulative incidence rates of MetS were 40.9% (95% confidence interval: 36.4--44.6) in the Temp Housing group, 36.2% (95% confidence interval: 32.3--40.3) in the Other group, and 34.1% (95% confidence interval: 30.9--37.4) in the Home group in 2015. We observed a dose-response association among three groups. The interaction between housing type x time was not statistically significant among women aged ≥65 years (F = 0.952, P = 0.456).Table 2Coefficients of cumulative incidence in metabolic syndrome using generalized linear mixed effects models.Table 2Age ≤64 yearsAge ≥65 yearsModel 1 (n = 3239)Model 2 (n = 3114)Model 1 (n = 2837)Model 2 (n = 2743)Coefficient (95% CI)Coefficient (95% CI)Coefficient (95% CI)Coefficient (95% CI)2012BaselineBaselineBaselineBaseline20130.39 (0.29--0.50)0.41 (0.30--0.52)0.38 (0.28--0.47)0.37 (0.28--0.47)20140.65 (0.53--0.78)0.68 (0.55--0.81)0.64 (0.53--0.75)0.62 (0.51--0.73)20150.81 (0.67--0.94)0.83 (0.68--0.98)0.87 (0.75--1.00)0.85 (0.71--0.99)2013 × Other0.34 (−0.04 to 0.72)0.34 (−0.04 to 0.72)0.28 (−0.17 to 0.72)0.25 (−0.18 to 0.68)2013 × Temp Housing0.03 (−0.15 to 0.22)0.08 (−0.12 to 0.28)0.14 (−0.03 to 0.31)0.13 (−0.05 to 0.30)2014 × Other0.22 (−0.18 to 0.61)0.21 (−0.19 to 0.60)0.32 (−0.15 to 0.79)0.31 (−0.15 to 0.77)2014 × Temp Housing0.13 (−0.10 to 0.35)0.12 (−0.12 to 0.35)0.20 (0.01--0.40)0.21 (0.00--0.43)2015 × Other0.21 (−0.19 to 0.62)0.21 (−0.19 to 0.61)0.39 (−0.10 to 0.88)0.35 (−0.13 to 0.83)2015 × Temp Housing0.18 (−0.06 to 0.43)0.19 (−0.07 to 0.45)0.18 (−0.04 to 0.40)0.17 (−0.06 to 0.40)Age0.03 (0.02--0.04)0.03 (0.02--0.04)−0.01 (−0.03 to 0.00)−0.01 (−0.03 to 0.01)Sex (men)−0.67 (−0.88 to −0.47)−0.65 (−0.88 to −0.42)−1.03 (−1.22 to −0.85)−1.01 (−1.22 to −0.81)Other (ref = Home)−0.16 (−0.55 to 0.24)−0.13 (−0.52 to 0.26)−0.27 (−0.75 to 0.22)−0.26 (−0.73 to 0.21)Temp Housing−0.02 (−0.27 to 0.23)−0.04 (−0.30 to 0.23)0.08 (−0.12 to 0.28)0.02 (−0.20 to 0.23)Current smokers−0.10 (−0.33 to 0.14)−0.26 (−0.59 to 0.06)Drinkers0.00 (−0.12 to 0.12)0.02 (−0.15 to 0.18)Low physical activity (ref = High)0.14 (0.01--0.27)0.01 (−0.09 to 0.11)Moderate physical activity0.14 (0.02--0.25)0.07 (−0.03 to 0.17)Small number of meals (\<3 times)−0.07 (−0.23 to 0.10)−0.21 (−0.44 to 0.03)Poor dietary intake−0.01 (−0.09 to 0.07)0.02 (−0.05 to 0.10)Severe economic distress0.00 (−0.07 to 0.08)0.02 (−0.06 to 0.10)Unemployment (2011)0.14 (−0.06 to 0.35)0.26 (−0.01 to 0.54)Psychological distress−0.04 (−0.13 to 0.05)−0.01 (−0.09 to 0.07)Insomnia−0.02 (−0.12 to 0.07)0.07 (−0.02 to 0.15)Low level of social network0.06 (−0.02 to 0.13)−0.02 (−0.09 to 0.05)Low level of social capital0.09 (−0.03 to 0.20)−0.02 (−0.12 to 0.08)[^4]Fig. 3Trends in estimated marginal mean of the cumulative incidence rate of metabolic syndrome among participants aged ≥65 years from 2012 to 2015.∗Statistically significant (*P* \< 0.05). Error bars represent 95% confidence intervals.Fig. 3

We compared the constituent components of MetS among the living conditions ([Supplementary Table 3](#appsec1){ref-type="sec"}). Among participants aged ≥65 years, the prevalence of obesity tended to be higher in the Temp Housing group than in the Other and the Home groups from 2012 to 2015. Although the percentage of low HDLC was significantly lower in the Temp Housing group than in the Other group in 2011, the pattern reversed after 2012. The percentage of low HDLC was also significantly higher in the Temp Housing group compared to the Home group in 2013 and 2014. On the other hand, the prevalence of elevated triglyceride was significantly higher in the Temp Housing compared to the Home group in 2013 and 2014. There were no significant differences in MetS components such as increased blood pressure or impaired glucose tolerance comparing the two groups.

4. Discussion {#sec4}
=============

In this study, we compared the cumulative incidence of MetS according to the type of housing arrangement among survivors of a major disaster. The cumulative incidence of MetS was significantly higher among women aged ≥65 years who were relocated to prefabricated temporary housing, compared to those who did not move or were housed in other types of accommodation. The excess risk of MetS in this group could not be explained by differences in physical activity, dietary intake, or insomnia. Moreover, although the difference in cumulative incidence of MetS according to housing type was not statistically significant in 2012, differences between accommodation type became marginally significant in 2014.

Previous studies have described the evolution of MetS following natural disasters. DiCastelnuovo et al. \[[@bib25]\] found that the 6-month post-disaster prevalence of MetS was higher among people directly affected by the Italian earthquake in L'Aquila compared to the general population. They further reported that the prevalence of MetS was higher among people staying in hotels or camps compared to those who stayed in their homes. Researchers have also investigated MetS in Fukushima following the nuclear disaster caused by the tsunami \[[@bib26], [@bib27], [@bib28]\]. While the circumstances in Fukushima were quite different from those in our study area, residents who were within the 80 km exclusion zone of the Daiichi Nuclear Power Plant explosion were forcibly relocated. The participants in our study areas were not affected by radiation fallout (about 200 km away, where there was no recorded increase in the background level of radiation).

The majority of post-disaster studies till now have focused on short-term outcomes, typically up to two years, and the maximum follow up interval was four years (up to 2014). In the present study, we extended follow-up to five years post-disaster, demonstrating that the effects of housing type of MetS persists over the long term. By the end of our last examination wave (in 2015), 19.3% of survivors were still living in prefabricated temporary housing, as more permanent housing became available in 2016. Future monitoring of the population is warranted to determine if the increased incidence of MetS will translate to increased incidence of chronic disease, such as diabetes and cardiovascular disease.

In the present study, a "dose response" pattern in incidence of MetS was observed according to the level of disruption in housing arrangements. The people in the Other group were midway in the incidence of MetS compared to the Temp Housing group (most disruption) and Own Home group (least disruption). People in the Other group were just as likely to have been severely affected by the tsunami as those in the Temp Housing group; but the former group had more choice in selecting their living conditions \[[@bib29]\]. The quality of housing was likely to have been higher (e.g., more spacious, more insulated from noise and cold) compared to temporary housing.

MetS is primarily driven by central obesity. In terms of the components of MetS, we found that the prevalence of obesity was significantly higher in the Temp Housing group than in the Other group among older participants aged ≥65 years ([Supplementary Table 3](#appsec1){ref-type="sec"}). In addition, the prevalence of low HDLC changed to be higher in the Temp Housing group than that in the Other group. Previously we have reported significant weight gain and lower HDLC among survivors who were relocated to prefabricated housing compared to other types of housing arrangements \[[@bib14]\]. In the city of Iwanuma (in the neighboring prefecture of Miyagi), Shiba et al. found that tsunami-affected survivors showed increased triglyceride levels after relocation to temporary housing \[[@bib9]\]. These are consistent in our results.

Possible reasons for the excess incidence of MetS among people relocated to the Temp Housing include disruptions in health habits including physical activity, alcohol intake, dietary practices, and sleep. The location of some prefabricated homes in remote locations may have discouraged physical activity by increasing the distance to destinations such as grocery stores, post offices, and libraries. Public facilities including park and athletic facility tended to be located in flatland areas before the disaster \[[@bib30],[@bib31]\]. According to one report, people relocated to temporary housing had lower physical activity levels compared to the national average, particularly at older ages \[[@bib32]\]. In our study, older residents of the Temp Housing and Other Housing were significantly more likely to be sedentary compared to Own Home residents. However, adjusting for physical activity could not explain the difference in cumulative incidence of MetS among living conditions.

The cramped conditions inside prefabricated homes may have discouraged the preparation of meals inside the home \[[@bib33]\], causing people to eat out more often, or to rely on pre-packaged foods. A higher proportion of older Temp Housing residents reported that they consumed less than 3 meals a day compared to survivors in the home ([Table 1](#tbl1){ref-type="table"}). Snacking on foods with poor nutritional quality instead of regular meals, has been linked with higher prevalence of MetS \[[@bib34]\]. However, we did not conduct a detailed assessment of dietary quality (e.g. using a food frequency questionnaire), and thus it is possible that the Temp Housing group also consumed a lower quality diet -- for example, consisting of store-bought pre-packaged foods that were calorie-dense and high in refined carbohydrates -- which may have increased their risk of developing MetS. Residents of Temp Housing may have also engaged in more snacking between meals, which is associated with increased risk of developing MetS \[[@bib35]\].

Conditions inside prefabricated homes were also noisy (because of thin walls), which likely accounts for the much higher prevalence of insomnia in the older Temp Housing-residents ([Table 1](#tbl1){ref-type="table"}). It has been reported that short sleep duration and psychological distress are associated with a higher prevalence of MetS \[[@bib36],[@bib37]\]. However, controlling for differences in insomnia could not explain the excess of MetS among Temp Housing-residents in our study.

We found a gender difference in the association between the Temp Housing residence and incidence of MetS. Previous studies have shown that the prevalence of Mets tends to be higher in women than in men \[[@bib24],[@bib38]\]. Older women may be affected by hormonal changes such as menopause. Menopause is associated with MetS via increase visceral obesity \[[@bib39]\]. Also studies have suggested that women report a higher prevalence of psychological distress than men \[[@bib40]\]. Some studies suggest that women may be more vulnerable to adverse psychological outcomes following disaster exposure compared to men, e.g. PTSD \[[@bib41],[@bib42]\]. A meta-analysis indicates that there is a female excess in the risk of insomnia \[[@bib43]\]. In the aftermath of the Great East Japan Earthquake, the prevalence of insomnia was higher in women compared to men in disaster affected areas (in Rikuzentakata; men, 27.7% vs. women, 44.4%) \[[@bib44]\]. We speculate that the excess risk of MetS in women may be due to gender differences in psychological distress and sleep quality that were not fully captured by our surveys.

The present study had several limitations. First, detailed data on potential mediating variables were not collected, such as precise caloric intake, the amount of daily exercise, and patterns of alcohol consumption. In particular, nutrition status such as excess intake of refined carbohydrate might have affected, for example rice consumption. In addition, we did not control for potential confounding variables such as educational attainment, occupational status, or household income. Thus we cannot rule out the possibility that these unmeasured variables might result in some bias in the present results. Second, due to the use of non-fasting blood sugar level, we could not fully evaluate survivors using the IDF criteria. As a result of using non-fasting blood samples, we might have underestimated the prevalence of abnormal glycosylated hemoglobin level and HDLC levels, and overestimated the prevalence of abnormal triglyceride levels as parameters to classify MetS. Third, the RIAS study was undertaken on a voluntary basis; the findings could potentially be affected by selection bias. The participants were relatively older (average age in the present study, 59.8 years; Iwate prefecture, 49.0 years), and women \[[@bib45]\]. Some people moved away from the area affected by the disaster, particularly young family such as those with parents in the child-bearing age \[[@bib14]\]. As our subjects tended to be older women, care should be taking when generalizing our findings to other study areas.

5. Conclusion {#sec5}
=============

We found that the cumulative incidence of MetS was higher among participants in the Temp Housing group than among those in the Other and Home groups aged ≥65 years. As having MetS increases the risk of cardiovascular disease over the long term, continued monitoring of disaster survivors may be warranted.
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[^1]: Continuous variables are presented as means (standard deviations). Categorical variables are presented as the number of cases (%).

[^2]: *P* values were calculated using analysis of variance for continuous variables using Bonferroni correction, and the chi-squared test for categorical variables. ∗ Statistically significant differences between prefabricated temporary housing group and home group.

[^3]: Abbreviations: Other, other accommodations; Temp Housing, prefabricated temporary housing; SBP, systolic blood pressure; DBP, diastolic blood pressure; TC, total cholesterol; HDLC, high-density lipoprotein cholesterol; HbA1c, glycosylated hemoglobin; SD, standard deviation.

[^4]: Abbreviations: CI, confidence interval; Other, other accommodations; Temp Housing, prefabricated temporary housing.
